INTRODUCTION
Food insecurity is defined as the lack of dependable access to adequate, safe and nutritious foods necessary for a healthy life. 1 In the United States, one in seven households experienced food insecurity in 2013. 2 For those with diabetes, being food-insecure is associated with poorer glycemic control, [3] [4] [5] as well as increased risk of hypoglycemic events and hypoglycemia-related emergency department visits. 6, 7 The mechanisms through which food insecurity affects glycemic control are not well understood. We hypothesize that depression, diabetes distress and low medication adherence-risk factors for worse glycemic control-could mediate the relationship between food insecurity and diabetes control.
Among the general population, people with food insecurity report higher levels of depression, stress and anxiety. 8, 9 Few studies have assessed this association in people living with diabetes. 10 Depression is associated with poorer glycemic control, 11, 12 as well as poorer adherence to diet and medication regimens. 13 Diabetes distress refers to the emotional distress related to the burdens and treatment of diabetes. Seligman et al. found higher levels of diabetes-related emotional distress in patients with food insecurity. 3 This is not surprising, given that the diabetes distress questionnaire measures feelings of doubt and uncertainty regarding one's ability to manage diabetes appropriately, including the ability to follow a good meal plan.
14 By definition, people with food insecurity have limited control over what they eat. This sense of powerlessness over nutrition may lead to diabetes distress. As with depression, diabetes distress is associated with poorer glycemic control and medication adherence. 15 Individuals with food insecurity report taking medication less often than prescribed due to costs and deferring paying for medication in order to have money for food. 16, 17 Due to competing financial demands, participants with diabetes and food insecurity may have lower medication adherence. This, in turn, may result in higher glycosylated hemoglobin (A1c) values, as medication adherence, in and of itself, is associated with and predictive of glycemic control. 18, 19 The purpose of this study is to evaluate the relationships between food insecurity and depression, diabetes distress and medication adherence, and to determine whether these factors are part of the pathway between food insecurity and glycemic control. A better understanding of the relationship between food insecurity status and diabetes control may identify new intervention targets for patients with poorly controlled diabetes.
METHODS
We analyzed baseline data from the Peer Support for Achieving Independence in Diabetes (Peer-AID) study. Peer-AID is a NIH-funded randomized controlled study evaluating a home-based diabetes self-management intervention delivered by community health workers. The study took place in King County, Washington, with enrollment from November 2011 to October 2013.
Participants were recruited from three healthcare systems: a large public hospital, a VA medical center and a communityhealth center. Eligible participants had a diagnosis of type 2 diabetes (as documented in the electronic health record) with poor glycemic control (defined as an A1c of 8.0 % or greater during the 3-month period prior to enrollment), a household income of less than 250 % of the federal poverty level (which corresponds to $27,225 or less for an individual in 2011), and were between 30 and 70 years of age, residing in King County. At the time of enrollment, a fingerstick A1c was obtained. Participants whose A1c value had improved to less than 8.0 % at time of enrollment interview (n=79) were still enrolled. Exclusion criteria included participation in another diabetes study, previous formal diabetes education in the past 3 years, being homeless, planning on moving out of King County or having dementia, end-stage renal disease or a terminal illness. Additional details have been previously published. 20 The institutional review boards of the University of Washington, VA Puget Sound and Sea Mar Community Health Centers approved the study.
Measures
Baseline data included self-reported age, race/ethnicity, primary language, education level, marital status, employment status, insurance status, comorbid medical conditions and insulin use. All participants reported annual household incomes of less than 250 % of the federal poverty level. More detailed income information was not collected.
Food security status was determined using the United States Department of Agriculture's validated Six-Item Short Form Food Security Survey Module. 21 Each response was given a score of 0 or 1. Those with a summed score of 0 or 1 were classified as having food security; those with a summed score of 2 or greater were classified as having food insecurity.
Depressive symptoms were assessed using the PHQ-8, with depression defined as PHQ-8 score of greater or equal to 10. 22, 23 Health-related quality of life was measured with the SF-12, with higher scores representing better perceived health. 24 To assess diabetes-related distress, a 17-item validated measure was used. Participants whose scores placed them in the Bmoderate diabetes distress^or Bhigh diabetes distressĉ ategories were labeled as having diabetes distress, and those with Bno or low diabetes distress^were labeled as not having diabetes distress. 14, 25 Medication adherence was evaluated through a composite score of an eight-question survey, with participants classified as having low adherence or moderate/ high adherence. 26 We assessed diet through two measures: the Summary of Diabetes Self-Care Activities (SDSCA) diet score and the Starting the Conversation tool, which assesses the quantity and frequency of consumption of specific foods such as fruits, vegetables, fast food and sugary beverages. 27 SDSCA diet score was calculated as the mean number of days in the past week and the mean number of days per week in the past month that the participant reported following a healthful eating plan. 28 Hypoglycemia was assessed by asking, BIn the past 12 months, have you had episodes of very low blood sugar?T hose who responded positively were asked a follow-up question: BAre these episodes related to not being able to afford food?^2 9 Glycemic control was assessed with A1c levels. Baseline A1c values were obtained through a fingerstick blood sample taken during the enrollment interview. 19 Pre-enrollment clinic A1c levels were used if this value was missing [n=29 (10 %)]. Height, weight and blood pressure were measured at the initial visit. Body mass index (BMI) was calculated from measured height and weight. Obesity was defined as a BMI ≥30 kg/m 2 .
Statistical Analysis
We performed bivariate analyses to examine the differences in sociodemographic and health characteristics between individuals with and without food insecurity, with chi-square tests for categorical variables and t-tests for continuous variables. We performed separate logistic regression models with food security status as the independent variable, and depression, diabetes distress and medication adherence as the dependent variable. We calculated the odds ratio of having depression, diabetes distress or low medication adherence in people with food insecurity. For these regression models, we adjusted for age, gender, race/ethnicity, language, education, marital status, BMI and insulin use. We used three separate linear regression models to assess the relationships between glycemic control (dependent variable) and depression, diabetes distress and low medication adherence, respectively. We adjusted for age, gender, race/ethnicity, language, education, marital status, BMI and insulin use.
To model the relationship between food insecurity and glycemic control, we developed five multivariable linear regression models. In the first, we adjusted for age, gender, race/ethnicity, language, education, marital status, BMI and insulin use. In the second, third and fourth, we adjusted for the socio-demographic factors above plus depression, diabetes distress and low medication adherence, respectively. In the final model, we adjusted for sociodemographics, depression, diabetes distress and low medication adherence. We separately tested depression, diabetes distress and low medication adherence using the Sobel-Goodman mediation test to determine to what extent these factors mediate the relationship between food insecurity and glycemic control. 
RESULTS
The prevalence of food insecurity among study participants was 47.4 %. Patient characteristics, grouped by food security status, are reported in Table 1 . There were significant differences by gender, race/ethnicity, marital status and employment status, with females, non-white and non-Hispanic participants, unmarried individuals and those unable to work more likely to have food insecurity. Participants with food insecurity had a higher average BMI scores and were more likely to be obese. They also had lower SF-12 scores, indicating worse health status. A greater percent of individuals with food insecurity were prescribed insulin compared to those without food insecurity. In addition, participants with food insecurity experienced hypoglycemic events at higher rates. Notably, only individuals with food insecurity attributed their hypoglycemia to inability to afford food. There were no statistically significant differences in age, education level, health insurance status or diet.
The prevalence of depression, diabetes distress and low medication adherence was significantly higher in the group with food insecurity. Table 2 shows that adjusted odds ratio (OR) for depression, diabetes distress and low medication adherence, respectively, among individuals with food insecurity. Compared to those with food security, individuals with food insecurity had greater odds of being depressed (OR 2.82, 95 % CI1.50-5.31; p=0.001), having diabetes distress (2.32, 95 % CI 1.38-3.91; p=0.002); and having low medication adherence (1.96, 195 % CI 1.15-3.35; p=0.01).
We modeled the relationships between glycemic control and depression, diabetes distress and low medication adherence using linear regression. The β coefficient represents the difference in mean A1c between those with and without depression, diabetes distress and low medication adherence, respectively. We found that depression (β=0.55; p=0.03) and diabetes distress (β=0.64; p=0.003) are both associated with higher mean A1c values. We found no significant association between low medication adherence (β=0.38; p=0.08) and glycemic control. All models are adjusted for sex, age, race/ethnicity, language, education, marital status, BMI and insulin use. All statistically significant numbers are bolded Table 3 displays the associations between food insecurity and glycemic control. The average unadjusted A1c level for individuals with food insecurity was 0.64 % higher than that of participants without food insecurity. When depression, diabetes distress and low medication adherence were individually added to the model, there was a slight attenuation of this relationship. When all three factors were included in the fully adjusted model, the mean A1c level for individuals with food insecurity was 0.51 % higher. Using the Sobel-Goodman mediation tests, depression and diabetes distress mediated 8.3 % and 18.7 % of the total effect, respectively. Low medication adherence was not tested because the association between low medication adherence and A1c was not significant.
DISCUSSION
We found that food insecurity is associated with increased rates of depression, diabetes distress and low medication adherence, confirming previous findings. We additionally confirmed the association between food insecurity and worse glycemic control among low-income patients with diabetes. When we adjusted for depression, diabetes distress and low medication adherence in the linear regression models of food insecurity and A1c, we observed a slight decrease in the difference in glycemic control among people with and without food insecurity. This decrease suggests that these factors are on the pathway between food insecurity and glycemic control. However, the fact that there remains a difference in mean A1c values between individuals with food insecurity and those without despite adjustment suggests there are other factors beyond depression, diabetes distress and low medication adherence mediating the relationship between food insecurity and glycemic control.
The most likely factor is nutrition, specifically the increased consumption of unhealthy foods by people with food insecurity. Among adults with diabetes, food insecurity is associated with lower overall dietary quality and lower consumption of healthy foods. 31 These individuals are limited to cheaper, more calorie-dense and high-sugar foods that promote high blood sugar. 32 In this study, however, we did not find differences in diet between participants with and without food security. This may be due to the fact that the SDSCA diet measure and the Starting the Conversation tool, both of which are based on self-report, do not accurately capture the nutritional quality of the food consumed.
Strengths of our study include recruitment of patients from diverse clinical settings, as well as minimal exclusion criteria, which allow the results to be more generalizable. We used well-validated measures to assess health outcomes. However, our study has limitations. Our ability to determine causal associations is limited by the cross-sectional nature of the analysis. Though we aimed for completeness, we may have lacked data on all the factors that mediate the relationship between food insecurity and glycemic control.
Even if depression, diabetes distress and low medication adherence do not fully explain the relationship between food insecurity and glycemic control, our findings that these variables are more prevalent in patients with food insecurity may have clinical relevance. Currently screening for food insecurity is uncommon in the primary care setting. However, identifying patients with food insecurity through screening may detect patients who are at increased risk for other poor health outcomes and who would benefit from targeted interventions (such as treating depression or addressing difficulties with medication adherence). The value of screening low-income patients with diabetes for food insecurity is an area for future research. 
